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(57) Abstract 

A method of deter- 
mining the concentration 
of an analyte with the use 
of a bioelement comprises 
the steps of introducing 
into a chamber comprising 
a first and a second 
surface disposed opposite 
one another, a sample 
containing the analyte and 
a quantity of a bioelement 
selected for its ability to 
interact with the analyte 
bringing about a change 
in the chemical, physical 
and/or chemico-physical 
characteristics of the 
analyte-bioelement system y 
and providing transducer 

means on at least one of the surfaces of the chamber for converting the change into a physical magnitude variable over time in dependence 
on the analyte-bioelement interaction and correlating the physical magnitude with the value of the concentration of the analyte. Hie 
analyte-bioelement interaction takes place within the depth of fee chamber which is equal to the distance between the surfaces and which is 
selected so as to be less than or equal to 500 micrometres in order to ensure rapid diffusion of the analyte between the surfaces, the quantity 
of the selected bioelement is such as to ensure that all of the analyte interacts with the bioelement, and the concentration of the analyte 
is determined after all of the analyte has interacted with the bioelement when the physical magnitude tends to adopt an approximately 
constant value which is proportional to the concentration of the analyte and is also independent of the activity of the bioelement. 
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"A method of determining the concentration of an analyte 
with the use of a bioelement and a device operating in 
accordance with the method" 

Technical field 

The present invention relates to a method of determining the 
concentration of an analyte with the use of a bioelement 
according to the preamble to the main claim. 

The invention also relates to a device for determining the 
concentration of an analyte in accordance with the method of 
the invention. 

Technological background 

Methods of determining the concentration of a compound, 
hereinafter referred to as an analyte, are of particular 
interest in the biomedical, industrial, environmental and 
agricultural/food fields* These methods provide for the use 
of biomolecules such as, for example, enzymes, antibodies, 
cells or the like, which can interact specifically with the 
analyte the concentration of which is to be determined. The 
interaction, which may be chemical, chemico -physical or 
physical, is such as to bring about a change in the 
characteristics of the analyte-bioelement system which can 
be suitably converted into a signal, for example, an 
electrical signal, which can be correlated with the 
concentration of the analyte . These methods provide for the 
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use of transducers for detecting the above-mentioned changes 
and for converting them (with amperometric, potentiometric, 
conduct oraetric, piezo- electric, optical, thermal 
transducers, etc.) into signals, normally electrical 
signals, which can be suitably amplified and processed, as 
well as displayed and/ or recorded. 

Amongst the known methods which provide for the use of 
analyte-bioelement systems- (otherwise known as biosensors), 
reference is made to those described in the following 
publications : 

- J. Mor, R. Guarnaccia (1977) Analytical Biochemistry 79, 
319-328; 

- D. Francis, H. Hill, W.. Aston, W. Higgins, E, Plotkin, E* 
Scott, A. Turner (1984) Analytical Chemistry 56, 667-671; 

- IYL Arnold, S. Glazier (1984) Biotech. Letters 6, 313-328; 

- A. Turner, I. Karube, G. Wilson, editors (1989) 
"Biosensors. Fundamentals and applications 1 ' Oxford 
University Press, 1-700; 

- T. Ruzgas, J, Emneus, Gorton, G* Marko-Varga (1995) 
Analytica Chimica Acta 311, 245-253, 

According to known methods, the concentration of the analyte 
is generally determined on the basis of a measurement of the 
rate of analyte-bioelement interaction, that is, of the rate 
of transfer of the analyte to the bioelement. These rates 
depend upon factors such as the activity of the bioelement, 
the temperature, the viscosity and the pH, as well as on the 
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nature and physical characteristics of the matrix, 
immobilizing the bioelement. This necessitates the 
production of a calibration curve correlating the signals 
generated by the transducer with the concentration of the 
analyte for each measurement or set of measurements of the 
analyte concentration. Although the use of these analytical 
methods often involves overall costs lower than those of 
conventional analytical instrumentation, it is thus limited 
by the instability of the bioelement, by the cost thereof, 
and by the need for accurate calibrations. 

Description of the invention 

The problem upon which the present invention is based is 
that of providing a method and a device for determining the 
concentration of an analyte with the use of a bioelement 
which overcomes all of the problems complained of with 
reference to the prior art mentioned* 

This problem is solved by the invention by means of a method 
and a device for determining the concentration of an analyte 
with the use of a bioelement according to the following 
claims * 

Brief description of the drawings 

The characteristics and the advantages of the invention will 
become clearer from the following detailed description of a 
preferred embodiment described by way of non-limiting 
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example, with reference to the appended drawings, in which: 

Figure 1 is a schematic plan view of a device formed in 
accordance with the invention, 

Figure 2 is a section taken on the line II- II of Figure 1- 
Preferred method of implementing the invention 

» 

With reference to the aforementioned drawings, a device for 
determining the concentration of an analyte with the use of 
a bioelement according to the present invention is generally 
indicated 1, 

The device 1 comprises a chamber 2 for holding the sample in 
which the analyte whose concentration is to be determined is 
present. The chamber 2 is defined by a first surface and a 
second surface disposed opposite one another and indicated 3 
and 4 respectively, and by a further lateral surface 5, 

Holes formed in the surface 4 put the chamber 2 into 
communication with a first, inlet capillary duct 6 and a 
second, outlet capillary duct 7 for admitting the sample 
containing the analyte to be analyzed to the chamber 2 and 
discharging it therefrom, respectively. The chamber 2 is 
formed by superimposing two plate-like elements defining the 
surfaces 3 and 4 with the interposition of a film seal 8 of 
which the thickness, indicated H in Figure 2 .defines the 
distance between the aforementioned surfaces 3 and 4* A 
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hole in the seal 8 defines the lateral surface 5 of the 
chamber and has a shape which is elongate in plan towards 
the inlet and outlet openings of the chamber, as shown in 
Figure 1, in which D indicates the length of the chamber in 
the direction in which it is elongate. 

The depth H of the chamber 2, which is equal to the distance 
between the surfaces 3 and 4, is selected so as to be equal 
to or less than 500 micrometres and, advantageously, between 
2 and 200 micrometres. A preferred selection for the depth 
H is between 20 and 100 micrometres. 

The selected ratio between the length D and the depth H (the 
distance between the surfaces 3 and 4) of the chamber 2 is 
selected so as to be between 10 and 2000 and is preferably 
between 50 and 500. 

The surface 4 is preferably defined by the active surface of 
a transducer 9 shown only schematically in Figure 1, which 
can detect the chemical, chemico-physical , or physical 
changes due to the interaction of the analyte with a 
preselected bioelement introduced into the chamber 2, and 
can convert these changes into a measurable physical 
magnitude correlated with the concentration of the analyte 
to be determined, as will be explained further in the 
following description. The transducer may be 
electrochemical {amperometric , potentiometric , 
conductometric) , optical, piezo-electric, thermal, etc., 
according to the physical magnitude to be measured. The 
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surface 4 may also be transparent to the signal used for 
measuring the bioelement^analyte interaction, to permit 
detection by an external transducer. 

The bioelement selected for interacting with the analyte is 
arranged on the surface 3 opposite the transducer 9* The 
bioelement may be immobilized on the surface 3 chemically 
and/or physically. Alternatively, the bioelement may be 
introduced into the chamber 2 directly with the sample 
containing the analyte to be analyzed. As a further 
alternative, the bioelement may be immobilized on the same 
surface as the transducer or the two surfaces may form 
portions of the transducer. 

The plate- like element defining the surface 3 on which the 
bioelement can be immobilized is associated with the device 
1 interchangeably and may, for example, be in the form of a 
glass plate. 

The concentration of the analyte present in the sample is 
determined the following manner. First of all, the sample 
containing the analyte to be analyzed is introduced into the 
chamber 2 through the inlet duct 6 by capillarity or simply 
by injection, possibly with the addition of a buffer, a 
mediator, and/or other substance capable of facilitating the 
interaction with the transducer 9. The interaction of the 
analyte with the bioelement, which may be disposed on the 
surface 3 or introduced into the chamber 2 directly with the 
sample, brings about a change in the chemical, chemico- 
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physical and/or physical characteristics of the analyte- 
bioeleraent system. At least one of these characteristics 
changes over time from the moment when the analyte - 
bioelement interaction starts up to a final moment at which 
all of the analyte has interacted with the bioelement. The 
characteristics of the analyte-bioelement system are 
detected and converted by the transducer 9 into a signal 
variable within the period of time between the 
aforementioned starting and final moments in dependence on 
the activity of the bioelement and tending towards a 
constant value or towards zero after the analyte-bioelement 
interaction has been completed. 

If the sample in which the analyte is present contains other 
compounds which can interact directly or indirectly with the 
transducer, the signal detected in the absence of the 
bioelement is subtracted from the signal detected during a 
measurement carried out in the presence of the bioelement so 
as to isolate solely the signal generated as a result of the 
analyte-bioelement interaction. 

The large ratio between the length D and the depth H of the 
chamber, which is representative of the surface area: volume 
ratio of the chamber, together with the small depth H 
thereof, enables the analyte to diffuse rapidly between the 
surfaces 3 and 4 of the chamber 2 within periods of the 
order of one minute or less. 

It should be noted that the measurement is carried out in 
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conditions in which the solution to be analyzed is 
substantially still, that is, making use solely of the 
motion of the molecular diffusion of the analyte-bioelement 
system and not in conditions providing for a flow and/ or 
stirring of the aforesaid solution. 

A high D:H ratio and a small depth H also achieve a high 
concentration of the bioelement within the chamber 2 and 
consequently a high activity of the bioelement per unit 
volume, even with a small number of molecules of the 
bioelement (for example, it suffices to provide a 
monomolecular layer of the selected bioelement on the 
surface 3) . This means that all of the molecules of the 
analyte present in the chamber 2 interact with the 
bioelement within extremely short periods and the products 
of the interaction diffuse rapidly over the surface of the 
transducer with diffusion times of the order of one minute 
or less* The quantity of bioelement in the chamber 2 and 
the diffusion times between the surfaces 3, 4 defining the 
chamber are in any case such as to ensure that all of the 
analyte interacts with the bioelement within periods of the 
order of a few minutes, 

After all of the analyte has interacted with the bioelement, 
the signal detected by the transducer tends towards a value 
which is substantially constant within the experimental 
error* The magnitude measured, or its variation, is 
proportional to the initial concentration of the analyte, as 
will become clearer from the following description of the 
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examples. The measurement of this magnitude is therefore 
independent of the activity of the bioelement. 

With the device of the present invention, the concentration 
of the analyte is determined according to the nature of the 
analyte, the nature of the bioelement, and the type of 
analyte -bioelement interaction. 

For example, to determine the concentration of the sulphite 
ion (analyte) with the use of sulphite oxidase as the 
bioelement, in the presence of an oxidizing agent such as 
f err i cyanide , the surface 4 is constituted by a thin sheet 
of a noble metal (Au, Ft, etc.), the electrical potential of 
which, measured relative to a reference electrode, for 
example, in Ag-AgCl, varies in dependence on the 
[f erricyanide] : [f errocyanide] molar ratio, where the 
ferrocyanide represents the product of the reaction of the 
sulphite-sulphite oxidase-f erricyanide system, since the 
sulphite oxidase (the bioelement) is immobilized on the 
surface 3 and the f erricyanide (mediator) is in solution. 
Alternatively, a glass electrode may be used instead of the 
noble metal plate and the change in pH which accompanies the 
aforementioned reaction may be measured. In both cases, the 
transducer used is a potentiometric transducer. 

To determine the concentration of an antigen (analyte) , for 
example, human albumin, with the use, as a bioelement, of an 
antibody which can bind the albumin highly specifically, the 
transducer used comprises a piezo-electric crystal on the 
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surface 4 of which the aforesaid antibodies are immobilized. 
The concentration of the analyte is determined by- 
measurement of the change in the resonance frequency of the 
piezo-electric crystal due to the change in the mass of the 
piezo-electric crystal -antibody system as a result of the 
binding of all of the antigen to the immobilized antibody. 
In this case, the transducer selected is a piezo-electric 
transducer* 

To determine the concentration of an analyte which brings 
about the emission of one or more photons during the 
interaction with the bioelement, for example, to determine 
ATP {adenosine triphosphate) with the lucif erin-lucif erase 
system, the surface 4 is constituted by that of a phototube 
(transducer) or that of a medium which is optically 
transparent to the photons emitted, or in any case such as 
to allow the photons to interact with the transducer. The 
concentration of the analyte is determined by measurement of 
the number of photons emitted during the interaction of all 
of the ATP with the lucif erase (bioelement) in the presence 
of an excess of lucif erin, the lucif erase being immobilized 
on the surface .3- In this case, the transducer used is an 
optical transducer. 

Two examples of the determination of the concentration of 
analytes by the method and the device of the present 
invention are given below. 

Example l 
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Determination of the concentration of glucose with, the use 
of glucose oxidase and peroxidase enzymes and with the use 
of an amperometric transducer. 

In this application the bioelements (glucose oxidase and 
peroxidase) were immobilized covalently on the surface of a 
suitably prepared glass plate which defined one surface of 
the chamber. The quantities of glucose oxidase and 
peroxidase immobilized were such as to ensure that all of 
the glucose present in the chamber was converted within 
periods of less than one minute. The opposite surface was 
defined by a transducer comprising a vitreous graphite 
electrode constituting the working electrode of a 
voltammetric circuit which further comprised a reference 
electrode and a contro-electrode , The depth H of the 
chamber was 100 micrometres with a chamber volume of 2 
microlitres. The sample to be analyzed, which was 
constituted by a glucose solution, was diluted with a 
concentrated pH 6.5 sodium phosphate solution containing lmM 
(millimolar) hydroquinone, to give a 0,lmM glucose solution* 
After the solution thus obtained had been introduced into 
the chamber, a potential of -300 mV relative to the 
reference electrode in Ag/AgCl was applied to the working 
electrode and the electrical current flowing in the 
electrochemical circuit was measured until the value of the 
current due to the reduction of the quinone formed during 
the oxidation of the glucose via glucose oxidase-peroxidase, 
fell substantially to zero, that is, until all of the 
quinone which was formed in an equivalent quantity to the 
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glucose had been reduced. The electrical -current signal 
generated was integrated over time and the quantity of 
electrical charge thus measured was 39 microcoulombs, which 
value corresponds, within the experimental error, to the 
value calculated theoretically on the basis of the glucose 
present in the chamber. 

Example 2 

Determination of the concentration of urea by means of the 
urease enzyme with the use of a conductometric transducer. 

In this application, the opposed surfaces of the chamber 
were defined by two flat electrodes of a conductometric 
circuit* The solution to be analyzed contained a ImM 
concentration of urea (analyte) . After the conductivity of 
the solution to be analyzed had been measured in conditions 
similar to those of the previous example, a small quantity 
of a solution containing the urease enzyme (this solution 
was equal in quantity to one hundredth of the volume of the 
solution of analyte and the final concentration of the 
enzyme in the chamber was such as to enable all of the urea 
to be converted within a period of less than one minute) was 
added to the solution containing the analyte and the 
increase in the conductivity of the solution due to the 
conversion of all of the urea into ammonium ions and 
bicarbonate ions was measured* The increase in conductivity 
measured, which was 5,2 mSiemens, corresponded 
approximately, within the experimental error, to the value 



WO 99/08106 



PCT/IT9S/00224 



13 

calculated theoretically on the basis of the initial 
concentration of urea in the chamber. 

The invention thus solves the problem set, achieving many 
advantages in comparison with known solutions* 

First of all, with the device of the invention, all of the 
molecules of analyte present in the volume of the chamber 
interact with the bioelement with extremely short diffusion 
times between the surfaces of the chamber so that all of the 
analyte interacts with the bioelement within periods of the 
order of one minute or less* 

Moreover, since the signal generated by the transducer, 
which is proportional to the concentration of the analyte, 
is measured after all of the analyte has interacted with the 
bioelement, even very marked variations in the activity of 
the bioelement do not affect the change in the signal 
detected and it is therefore not necessary to calibrate the 
instrumentation for each measurement or set of measurements 
to be made. 

Another advantage is that, owing to the extremely small 
volume of the chamber of the device of the invention, the 
quantity of bioelement necessary to determine the 
concentration of the analyte is greatly reduced, 
consequently reducing analysis costs. 

■ 

A further advantage connected with the small volumes of the 
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chamber of the device of the invention is that, with the 
same plate on which the bioelement is disposed, it is 
possible to perform several analyte determinations relative 
to the bioelement immobilized. 

Moreover, the interchangeability of the plate on which the 
bioelement is disposed enables the concentration of 
different analytes to be measured according to the type of 
bioelement selected. 

Not the least advantage is that, by virtue of the 
dimensional ratios between the length and the depth of the 
chamber of the device of the invention, the analyte- 
bioelement interaction and the diffusion of the analyte 
between the surfaces take place without the need to stir the 
solution containing the sample to be analysed, thus 
eliminating possible signal variations due to any variations 
in the stirring speed. 
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CLAIMS 

1. A method of determining the concentration of an analyte 
with the use of a bioelement, comprising the steps of: 

- introducing into a chamber (2) comprising a first surface 
and a second surface (3, 4) disposed opposite one another, a 
sample containing the analyte, and a quantity of a 
bioelement selected for its ability to interact specifically 
with the analyte, bringing about a change in the chemical, 
physical and/or chemico-physical characteristics of the 
analyte-bioelement system, 

- providing transducer means (9) on at least one of the 
surfaces (3, 4} for converting the change into a physical 
magnitude variable over time in dependence on the analyte- 
bioelement interaction and correlating the magnitude with 
the value of the concentration of the analyte, 

characterized in that the analyte-bioelement interaction 
takes place within the depth (H) of the chamber (2) , which 
is equal to the distance between the surfaces {3, 4) and is 
selected so as to be less than or equal to 500 micrometres 
in order to ensure rapid diffusion of the analyte between 
the surfaces, in that the quantity of the selected 
bioelement is such as to ensure that all of the analyte 
interacts with the bioelement, and in that the concentration 
of the analyte is determined after all of the analyte has 
interacted with the bioelement when the magnitude tends to 
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adopt an approximately constant value which is proportional 
to the concentration of the analyte and is also independent 
of the activity of the bioelement. 

2. A method according to Claim 1, in which the change in the 
chemical, physical and/or chemico-physical characteristics 
of the anaiyte-bioelement system is converted into an 
electrical-current signal and the physical magnitude 
represents the total electrical charge obtained by 
integration of the amplitude of the electrical -current 
signal within the period of time between the moment at which 
the anaiyte-bioelement interaction starts and the moment at 
which the change tends towards zero or the magnitude tends 
towards a substantially constant value, the total quantity 
of electrical charge being proportional to the concentration 
of the analyte* 

3. A method according to Claim 1, in which the magnitude is 
represented by the electrical conductivity of a solution 
containing the anaiyte-bioelement system, the electrical 
conductivity being measured after all of the analyte has 
interacted with the bioelement when the conductivity tends 
towards a substantially constant value, the conductivity 
value measured being proportional to the concentration of 
the analyte. 

4. A device for determining the concentration of an analyte 
with the use of a bioelement according to the method of any 
one of Claims 1 to 3, comprising a chamber (2) for holding 
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the analyte-bioelement system and transducer means (9) 
associated with the chamber (2) for detecting the change in 
the chemical, physical and/or chemico-physical 
characteristics of the analyte-bioelement system and 
converting the changes into a physical magnitude which can 
be correlated with the concentration of the analyte, 
characterized in that the chamber (2) comprises a first 
surface (3) on which at least a portion of the transducer 
means {9} is disposed, and an opposed second surface (4) , 
the depth (H) of the chamber (2) , which is equal to the 
distance between the surfaces (3, 4), being less than or 
equal to 500 micrometres, 

5. A device according -to Claim 4, in which the depth (H) is 
between 2 and 200 micrometres and is preferably selected 
between 20 and 100 micrometres. 

6. A device according to Claim 4 or Claim 5, in which the 
ratio between the length (D) and the depth (H) of the 
chamber (2) which is equal to the distance between the 
surfaces (3, 4) is between 50 and 500. 

7. A device according to any one of Claims 4 to 6, in which 
at least one of the surfaces {3, 4) is defined by the 
transducer (9) ♦ 

8. A device according to any one of Claims 4 to 7, in which 
the bioelement is disposed on at least one of the surfaces 

(3, 4) . 
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9. A device according to any one of Claims 4 to 8, in which 
the bioelement is disposed on the opposite surface to the 
transducer (9) • 

10 . A device according to any one of Claims 4 to 8, in which 
the bioelement is disposed on the surface defined by the 
transducer (9) . 

11. A device according to Claim 9, in which the bioelement 
is immobilized chemically and/or physically on the surface 
opposite the transducer (9) . 

12. A device according to Claim 8 f in which the surface (3, 
4) on which the bioelement is disposed is defined on a 
plate-like element associated interchangeably with the 
device. 

13. A device according to any one of Claims 4 to 7, in which 
the bioelement is in solution. 

14 . A device according to any one of Claims 4 to 13 , in 
which the surfaces (3, 4) are separated by a seal (8) 
defining a lateral surface {5) of the chamber, the device 
comprising at least one duct for the inlet (6) of the 
solution containing the analyte to the chamber (2) and for 
its outlet (7} therefrom, respectively, 

15. A device according to Claim 14, in which the ducts {6, 
7) are capillary ducts. 
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16. A device according to any one of Claims 4 to 15, in 
which the chamber (2) is elongate in a preferential 
direction. 

17. A device according to Claim 16, in which the chamber (2) 
is elongate towards the ducts (6, 7) . 

18. A device according to Claim 7, in which the area of the 
surface (4) of the chamber (2) defined by the transducer (9) 
is substantially equal to the area of the opposite surface 
(3) on which the bioelement is disposed, 

19. A device according to one or more of Claims 4 to 18, in 
which the transducer means (9} are potent iometric. 

20. A device according to one or more of Claims 4 to 18, in 
which the transducer means (9) are piezo-electric. 

21- A device according to one or more of Claims 4 to 18, in 
which the transducer means (9) are optical. 

22. A device according to one or more of Claims 4 to 18, in 
which the transducer means (9) are amperometric or 
conductometric . 
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